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BACKGROUND TO THE INVENTI ON 

THIS invention relates to solvent extraction and, in particular to the 
recovery of metal ions from aqueous solution by means of solvent 
extraction, and to novel compounds for use as extractants in such 
solvent extraction. 

SUMMA R Y OF THE INVENTION 

5 According to one. aspect of the invention there is provided a compound 
.selected from:..,:..."'. .. 

(a) a ditertiary amine, phosphine or arsine of the general formula 



R 



1 




\ 



M- (CH 2 ) n 



/ 



(I) 



M 



/ 





10 



where M = N, P or As 

n = 2 to 10 inclusive 

R 1 , R 11 , R 111 , and R 1V are the same or different and each 
represents an alkyl or an aryl group having 7 to 12 carbon 
atoms; and 



(b) 

15 



a diquaternary ammonium, phosphonium or arsonium salt of the 
general formula 



,11 



,111 



R 1V 

\ / V 

— M-:(CH 2 ) n -M— R 

:/ X rV i 



2* 



2X 



(H) 



where M = N, P or As 

n = 2 to 10 inclusive 

X = CI", Br", 1~, SCN", N0 3 ", HS0 4 " or S0 4 = 

R 1 , R 11 , R 111 , R 1V , R V , and R V1 are the same or different and 

each represents an alkyl or an aryl group having 1 to 12 carbon 

atoms or H, provided that at least four of R 1 , R 11 , R 111 , R 1V ,R V and 

R represent an alkyl or an aryl group having 7-12 carbon atoms. 

According to another aspect of the invention there is.,provided a compound 
of the formula (1) or (11) as defined above for use in- the solvent 
extraction of metal ions from an aqueous solution containing the ions 
in the form of anionic complexes. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Preferred compounds of the invention are those in which the substituents 
on one N, P or As atom are the same as those on the other N, P or As 
atom. 

Particularly preferred compounds of the invention are ditertiary 
'amine compounds of the formulae 



,1 



,1 



^ N(CH 2 ) 2 



X R 1] 



R 1 =R 11 =octyl or decyl or dodecyl , . 



R 



1 



R 



' N(CH 2 ) 3 N ' 

y x R n 



RW^octyl 



R 



1 



,1 



N(CH 2 ) 6 N 
R 11 X R 11 



R^R 11 octyl or dodecyl 
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and diquaternary ammonium compounds of the formulae: 



R 



1 



R 



R 11 — N(CH 2 ) 2 n1r 11 



2X 



R =R^=octyl or dodecyl 
R in =methyl,X=I, CI 



and 



R 



1 



,1 



/ 



i \ 'ii 

R 1 — n(ch 2 ) 6 n — r" 



R 



111 



\ R 111 



2X 



r 1 * R 11 =R 111 =Heptyl or octyl 



X=I, CI 



Examples of preferred compounds are 

N,N,N\N VTetraoctyl ethyl e'he'di amine .'(Tetocen) 

5 N' ,N' ,N' ,N,N,N,-hexaoctylhexamethylene diammonium diiodide (Hexochem) 

N,N' , -dimethyl -N,N > N' ,N' ,-tetraoctyl ethylene diammonium diiodide 
(Dimtetocen) . 

The compounds of this invention may be produced by several procedures. 

The compounds of the formula (1) can be prepared by the reaction shown 
0 in Equation A. 

EQUATION A 



2R 2 MH + X(CH 2 ) n X — > R 2 M(CH 2 ) n MR 2 + 



2HX 



wherein R is an alkyl or aryl group having 7 to 12 carbon atoms, 
X is halogen, and M and n are as defined above. 



15 Similarly, the compounds of the formula (11) can be prepared by the 
reaction shown in Equation B. 
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EQUATION B 

2R 3 M + X(CH 2 ) n X — * [R 3 M(CH 2 ) n MR 3 ] X 2 

wherein R is an alkyl or aryl group having 7 to 12 carbon atoms and 
M, X and n are as defined above. 

5 The compounds of the formula (1) in which M = N can be prepared by the 
reaction of a dial kylamine with glycol disulphonate according to 
Equation C. 

EQUATION C 

4 R a R b NH + RS0 2 0-(CH z ) n -OS0 2 R 

10 _> R a R b N(CH 2 ) n NR a R b +2RS0 2 (0H)HNR a R b 

wherein R a , R b arid R may be the same or different and each represents'-:-, 
an alkyl or an aryl group having 7 to 12 carbon atoms and n is. as, 
defined above. 

A novel method of preparing the compounds of formula (1) in which 
15 M = N involves the direct alkylation of a primary 1 ,n diamine alkane 
(n = 2 ,...10) in a suitable alcoholic solvent mixture in the presence 
of an inorganic base according to Equation D. 

EQUATION D 

NH 2 (CH 2 ) n NH 2 + 4RX— > R 2 N(CH 2 ) n NR 2 + HX 
20 + 2H 2 0 + 2C0 2 

wherein R represents an alkyl or an aryl group having 7 to 12 carbon 
atoms, 

X represents a halogen and n is as defined above. 

The preferred alcoholic solvent mixture is a mixture of ethanol and 
25 hexane, preferably in the ratio ethanol : 40/hexane : 60. 
The preferred inorganic base is potassium carbonate. 
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In a similar manner the compounds of the formula (11) in which M = N 
can be prepared according to Equation E. 

. EQUATION E 

NH 2 (CH 2 ) n NH 2 + 6RX — > ^(CH^NlJ X 2 

5 wherein R, n and X are as defined above. 

The preferred alcoholic solvent mixture is a mixture of ethanol and 

DMF (N,N ! -dimethyl formamide), preferably in the ratio DMF : 1/EtOH : 20. 

The preferred inorganic base is potassium carbonate. 

The preparation of compoundsof the invention will be more clearly 
10 illustrated by the following examples. 

EXAMPLE 1 

Preparation of N,N,N\N'-Tetraoctyl=ethylenediamine, (Tetocen). 

In a 500 cm 3 conical flask, lOOg of octyl iodide is added to a 110 
cm 3 of 60/40 hexane/ethanol mixture containing 59>0g anhydrous 
15 K 2 C0 3 . While this solution is being stirred 6,09g of ethylenediamine 
is added. 

The flask and contents are placed on a heater stirrer and refluxed 
and stirred for 40 hours. 

The solid unreacted K 2 C0 3 and KI is filtered off and solvent removed 
20 on a rotary evaporator. 

The remaining ditertiary amine (viscous oil) is taken up in an organic 
(water immiscible) solvent: petroleum ether or chloroform. HI is extracted 
into aqueous 3 mol dm" 3 NaOH. The organic phase is then separated, 
washed with t^O and dried over anhydrous Na^O^. The solvent is 
25 distilled off and the product distilled under high vacuum 0,05 mm Hg) 



7. 

at 180°-220°C in a 75% yield. Any unreacted octyl iodide comes over 
at 80-82°C. 

The % free nitrogen base is calculated from a titration of the product 

3 

in glacial acetic acid against 0,1 mol/dm HCIO^ soln. This assumed 
5 the product to contain nitrogen in the form of tertiary nitrogen atoms. 
The results of C,H,N are in agreement with the stoichiometry of the 
ditertiary diamine viz. 

Theoretical : C, 80,2%; H, 14,3%; N, 5,5%; 
Found : C, 81,0%; H, 13,5%; N, 5,3%; 

10 The infrared spectra indicated the absence of primary and quaternary 
N atoms . 

EXAMPLE 2 

Preparation of N' ,N r ,N' ,N,N,N-hexaoctyl hexamethylene=diammonium 
diiodide. (Hexochem) 



15 53, Og of octyl iodide is placed in a 250 cm conical flask containing 
19g anhydrous K 2 C0 3> 18 cm ethanol and 0,5cm dimethyl formamide . 
While this mixture is stirred 4,0g 1 ,6-diaminohexane is added. 

The flask and contents are placed in a heater stirrer, refluxed and 
stirred for 70 hours. 

20 The solid unreacted K 2 C0 3 and KI is filtered off and the solvent is 
removed on a rotary evaporator. 

The remaining viscous brownish oil is dissolved in chloroform and 
filtered to remove any K 2 C0 3 or KI present. 

The organic layer is shaken with a 3 mol dm NaOH solution to remove 
25 any hydro-iodide salts. These may be formed as a by-product as a 
result of insufficient stirring. 



8. 

The organic phase is separated, washed with H 2 0 and dried over anhydrous 
sodium sulphate. 

The solvent is removed under reduced pressure never allowing the 
temperature to exceed 70C. 

5 The waxy solid is dried under a vacuum of 1 mm Ha, at - 100°C 
for 30 minutes and thus .obtained in an 80% yield. 

The % iodide is determined argentometrically by potentiometric 
titration. 

EXAMPLE 3 

10 Preparation of N,N' -Dimethyl -N,N,N' ,N' -tetra-octyl ethylene diammonium 
diiodide (Dimtetocen) 



50g N,N,N 1 ,N' -tetraoctyl ethyl enedi amine (tetocen) and 40g methyliodide 
are reacted by dissolving the tetocen in a minimum of chloroform and 
adding the methyl iodide to the solution. 

15 The reactants- are heated to 50°C and refluxed for 40 hours with 

continuous stirring. Any unreacted methyl iodide and solvents are 
removed under reduced pressure. Care is taken not to heat to more than 
80°C. The product is then dried under high vacuum (1mm Hg) at 100°C 
for J-hour. The yield is 90%. 

20 In a similar manner, the compounds listed in Table I were prepared. 
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Further according to the invention, there is provided a process for 
extracting metal ions from an aqueous solution containing the ions 
in the form of anionic complexes, including the step of contacting 
the aqueous solution with an extractant of the type described above. 

5 The ditertiary amine, phosphine and arsine extractants are suitable, 
in particular, for the extraction of cobalt, copper, zinc, silver, 
cadmium, the platinum group metals, uranium and other actinoids. 

The diquaternary ammonium, phosphonium and arsonium extractants are 
suitable, in particular, for the extraction of uranium and other 
10 actinoids, cerium, vanadium, manganese, iron, cobalt, copper, zinc, 
silver, cadmium, tin, lead and the platinum group metals. 

The ditertiary amine, phosphine and arsine group of extractants can be 
used to extract metal ions, in strongly acidic medium. Under these 
conditions the metal ion, as an anionic complex, is extracted into a 
15 suitable organic phase by ion association with the protonated 
extractant. Examples will now be given. 



EXAMPLE 4 

The extraction of U0 2 S0 4 as a function of sulphuric acid concentration 
with Alamine 336, N,N,N'N'- tetraoctylhexamethylenediamine(tetochem) , 
20 N,N,N' ,N' -tetraoctyl trimethylenediamine (tetoctrim) 

N^N'N'-tetraoctylethylenediamine (tetocen), into 15% isodecanol/ 
benzene solution. 



■11... 

0,44g dm" 3 U0 2 $0 4 is made up and standardised . The extracting 
organic phase is made up in isodecanol /benzene (5%) so that the organic 
phase is 7,10%, 6,09%, 5,22% and 5,08% with respect to Alanine 336, 
tetochem, tetoctriro and tetocen respectively. 

Different solutions of H 2 S0 4 are made up by diluting concentrated 

H 9 S0. to give 1,82; 0,92; 0,46; 0,182; 0,092; 0,046; 0,0182; 0,0092, 
-3 

mol dm solutions. 

10 cm 3 of U0 o S0- solution and 10 ml H-SO- (of each of the above) are 

l *\ 3 3 

pipetted into each of eight 50 cm round bottom flasks. 20 cm of 

organic solution is added to each flask. These are shaken for 15 min. 

to attain equilibrium. 

The solutions are separated in 50 cm separating funnels and the 
aqueous phase filtered (Whatman No. 40 filterpaper) and analysed. 

The results obtained are given in Table III ■ : . 



TABLE III 



H 2 $ °4 
mol dm 


Alamine 


Tetocen 


Tetoc t rim 


Tetochem 


0,23 


99,89 


99,'93 


99,82 


99,80 


0,091 


99,93 


99,93 


• 99,87 


99,64 


0,046 


99,90 


99,91 


99,93 


99,90 


0,023 


99,90 


99,90 


99,83 


99,93 


0,0091 


99,21 


99,52 


99,60 


99,62 


0,0046 


98,71 


99,03 


99, OA 


99,30 



In the extraction of U0 2 S0 4 the percentage extractions are also very 
high for Alamine, but in dilute sulphuric acid the dictaionic species 
have higher relative percentage extractions, however. 
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EXAMPLE 5 



Extraction of Fe(III) from HC1 

-3 

A solution of Ij75 gdm Fe(IIl) is made by dissolving FeCl 3 (anhydrous) 
in water. 

-3 

5 The organic extracting solution is made 0,17 mol dm and 0,085 mol 
dm for Alamine, and tetochen respectively. 

Four HC1 solutions are made to give 11,3 (cone HC1 ) 9,04r 6.78; 2,26 
mol dm 3 . 

3 3 
10 cm of the Fe(III) solution is mixed together v/ith 10 cm of each 

3 

. 10 of the HC1 solutions and 20 cm of organic extracting solution. The mix- 
ture is shaken for 15 minutes and the aqueous phase separated and 
filtered. Fe(III) is determined by atomic absorption spectro- 
photometry. 

The results are given in Table IV. 



TABLE IV 



HC1 



% extraction 
with Alamine 



ppm left 
(Aqueous) 



7. extraction with ppm le f t 

N,N,N',K'-tetraoctyl= ' ( Aqueo<)S ) 
hexamethylene diamine 



5,65 
A, 52 
4,07 
1,13 



99,78 
99,70 
99,48 
98,77 



2,0 



2,7 



4,7 
11,2 



99,91 
99,87 
99,42 
98,71 



0,8 
1,2 
5,3 
11,7 
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EXAMPLE 6 

Extraction of Cu(II) from HCl 

. An aqueous solution of 4,00 dm" 3 Cu(II) (from CuCl 2 ) is made. HCl 
solutions are made up to give the required concentrations as set 
5 out in Table V. 

10 cm 3 Cu(II) and 10 cm 3 HCl are mixed. 20 cm of organic extracting 
phase containing Alamine and N,N,N' ,N' -tetraoctyl ethyl enedi amine are 
added. The mixture is shaken for 15 minutes and treated as in 
previous examples. Cu is analysed on an atomic absorption spectro- 
10 photometer. The results are given in Table V. 



TABLE V 



HCl _ 3 
using mol dm 


% Cu. extract ion 
. . Alamine , 


% Cu extracted 
using tetocen 


1,13 


13,1 


20,0 


4,07 


38,3 


54,6 


5,65 


69,5 


79,0 


6,80 


70,6 


75,0 


V 


53,5 


58,0 



In a neutral or relatively alkaline solution the ditertiary amines, 
phosphines and arsines can act as neutral ligands and can complex 
with metal ions. In the presence of suitable anions the resultant 
complex can be extracted into the organic phase. An example thereof 
15 is now proyided. 
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EXAMPLE 7 

Cobalt, in the divalent form, can be extracted from dilute aqueous 
solutions in the presence of a small amount of thiocyanate into an 
organic phase. The reaction for the extraction is as follows: 

Co+2 (aq) +2NCS "(aq) + V N ' C V CH 2- N - R 2 (org) ?= ^ 

Co (NCS) 2 .(R 2 -N.CH 2 .CH 2 .H.R 2 ) (org) (R - C ? H 15 ) 

It is found that the organic phase can be stripped of cobalt by 
contacting it, with a slightly acidic aqueous solution..: -Jf the 
solution becomes more strongly acidic, extraction of the : cobalt;;- 
by the process -described previously occurs. ■ •» 

The diquaternary salt group of extrants can be used in the extraction 
of metal ions in both acidic and neutral solutions. The metal ion 
forms an anionic complex with anions from the solution and/or extractant 
which are then extracted into the organic phase by ion association 
with the cation of the extractant. Examples thereof are now given. 

EXAMPLE 8 

Cobalt, in the divalent form, can be extracted from dilute aqueous 
solution into an organic phase, as follows: 

Co+2 (aq) +2NCS "(aq). + [^V^VVA] ( NCS >2 (org) 

v. [r 1 r 2 .n.ch 2 .ch 2 .n.r 1 r 2 ] [co (ncs) 4 ] (org) 

R 1 = C 8 H 17 and R = CH 3 



15. 

EXAMPLE 9 

Extraction of cobalt from nickel sulphate 

Appropriate solutionsiof CoS0 4 > NiS0 4 and NH 4 SCN are made up to give 
initial aqueous solution of 10cm 3 containing 0,4012 mmole Co(II) 
and 40,12 mmole of Ni(II). 40 cm 3 organic extracting phase of 
N,N,N,N' ,N* ^'-hexaoctylhexamethylenediamonium thiocyanate (hexochem 
thiocyanate) is used and shaken with the aqueous. Similarly a (0,0773 • 
-3 

mol dm ) N^N'-dimethyl-NjN^^'-tetraoctylethylenediamonium thiocyanate 
organic solution is made up. 



A second experiment involves the 
Co : NCS:: 1 : 5. 


presence of NH^SCN in ratios of 




RESULTS 








TABLE VI (a) 

r 


- NO NCS ADDED 






Extract ant 


7. Co ext 


ppm Co org ppm N 


i 


Al iquat 


2,39 


56 0 




N f N f -dimeLhyl-N,N > N , N t -tetra= 
. octy 1 ethyl enediamoni urn thio = 
cyanate (dimtetocen) 


6,75 


154 18 




Hexochem thiocyanate 


11,61 


266 0 




TABLE VI (b) 


- NCS ADDED TO 


AQUEOUS PHASE 




Extractant NCS/Co 


% Co ext 


ppm Co org 


ppm Ni 


Aliquat 336 4,87 


89,9 


2049 


16 


Dimtetocen 4,87 


61,0 


1390 


275 


Hexochem 4,97 


88,8 


2025 


2.6 
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The extractant Hexochem has a high specificity for cobalt and 99% . 
extraction of cobalt from a cobalt solution in the presence of a 
hundredfold excess nickel has been achieved on a single contacting. 

The efficiency of the compounds of this invention can be enhanced 
5 by using them in combination with organic solvents with low dielectric 
constants which favour ion pair extraction. Suitable solvents 
include benzene, solvesso hexane and their mixtures with long chain 
alcohols. 

A further example illustrating the use of the compounds in extracting 
10 metal ions from solution and providing comparative data with other 
organic solvent extractants is given below. 

EXAMPLE 1 0 

-3 

An organic extracting phase is made up (10 mol dm ) by dissolving: V: 
7,33g N,N,N' ,N ' -tetradodecyl ethyl enediami ne( tetdodecen) in 5% (v/v) 

15 isodecanol /benzene mixture. This is made up to the mark in a 100 
cm 3 volumetric flask, with the benzene solution. The concentration 
of tetdodecen in the mixture is checked by free nitrogen titration 
against standard HC10 4 in non-aqueous sol ventre jg. acetic acid. 
An aqueous solution of U0 2 C1 2 (6.4 g/£) is made by dissolving 

20 U0 2 C1 2 (H 2 0) 3 in water. Six solutions of HC1 are prepared 

having the following concentrations: 11,30; 9,07; 8,13; 

6,78; 2,26; mol dm" 3 . 

5 cm 3 of U0 o Cl o is mixed with 15 cm 3 of HC1 solutions, to give [Hell = 

c c 3 3 

8,48; 6,78; 6,16; 5.09; 4,24 and 1,70 mol/dm . 20 cm of organic 

25 phase is added to each and the mixtures are shaken for 15 minutes 

to allow equilibrium to be attained. . The two phases are poured into 

a separating funnel and the aqueous phase passed through a filter 

(Whatman No. 40). The aqueous phase is analysed for uranium by a 

potentiometric methods 
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The following results are thus obtained and compared to extraction 
data obtained using Alamine 336 (an industrially used amine). The 
Alamine 336 concentration used is double, in terms of mol dm" 3 , 
that of the tetdodecen used to obtain the same number of nitrogen 
centres. 

[ table 11 

7. Extraction 

HC1 : 

Tetdodecen Alamine Hexochcm Aliquat 



8>48 


98,4 


94,3 


97,9 


98,4 


6 ; 78 


98,1 


91,2 


98,4 


98 j 9 


6,10 


97^0 


86,9 


99,9 


98/7 


5,09 


93 y 3 


73,0 


99^5, 


98,5 


4,24 


83,4 


58,5 


98,7 .V 


98,2 


1 , 70 


19,1 


4,1 







Hexochem = N,N,N,N" ,N' >N' -hexaoctyl hexamethylenediami ne 

If the maximum extraction efficiencies of the two pairs are compared 
then the dicationic extractant which shows the least improvement when 
compared to its monocationic analogue, leaves only 0,1% of the 
metal in the aqueous phase as compared to the 1,3% of its mono 
analogue i.e. a tenfold difference. 
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CLAIMS: 



1. 

A compound selected from: 

(a) a ditertiarydi amine, diphosphine or diarsine of the general 
formula 



R 1 
\ 

/ 
Jl 



,M (CH 2 ) n 



M 



/ 



\ 



,111 



,1V 



(I) 



10 



where M - N, P or As 

n = 2 to 10 inclusive 

R 1 , R 11 , R 111 , and R 1V are the same or different and each 
represents an alkyl or an aryl group having 7 to 12 carbon atoms; 
and 



(b) a diquaternary diammonium, di phosphonium or diarsonium salt of 

* ">. 

the general formula 



R 1 R 1V 

11 X / V 
R M — (CH ? ) n — M R v 

R m/ \ R vi 



2+ 



71 



(II) 



15 



where M ■ 
n • 

X = 

nl 



N, P or As 

2 to 10 inclusive 



CI' 
11 



R 



Br , 



R 



1" 
IV 



SCN 



,V1 



NO 



3 ', HSO4" or S0 4 = 



R , and R are the same or different and 



each represents an alkyl or an aryl group having 1 to 12 carbon 
atoms or H, provided that at least four„of R 1 , R 11 , R 111 , R 1V , R V , 
and R V ^ represent an alkyl or an aryl group having 7-12 carbon atoms. 



19. 

2. 

A compound according to claim 1 wherein the substituents on one M atom 
are the same as the substituents on the other M atom, M being as defined 
in claim 1 . 

3. 

A compound of Formula (1) according to claim 1 wherein M=N, n=2, and 
RWW^-R^octyl or decyl or dodecyl . 

4. 

A compound of Formula (1) according to claim 1 wherein M=N, n=3 and 

R i =R n =R ni =R iv =0CtyK 

5. 

A compound of Formula (1) according to claim 1 wherein M=N, n=6, 
and R^R^-R 11 ] =R 1V -octyl or dodecyl. 

6. 

A compound of Formula (11) according to claim 1 wherein M=N, n=2, 
X-l or CI, R 1 -R 11 =R 111 =R 1V =octyl or dodecyl, and R V =R V1 =methyl . 

/. 

A compound of Formula (11) according to claim 1 wherein M=N, n=6, 
X=I or CI, rW W 1 W V =R V =R V1 =heptyl or octyl . 

8. 

A compound of claim 1 which is N,N,N' ,N' ,-tetraoctylethylene diamine. 
9. 

A compound of claim 1 which is N',N\N\ N,N,N,-hexaoctylhexamethylene 
di ammonium di iodide. : 



10. 

A compound of claim 1 which is N»N' ,-dimethyl -N,N,N' ,N ! ,-tetraocty- 
lethylene diammonium di iodide . 



20. 

11 . 

A compound according to claim 1 for use in the solvent extraction of 
metal ions from an aqueous solution containing the ions in the form 
of anionic complexes. 

12. 

A compound according to any one of claims 2 to 10 for use in the solvent 
5 extraction of metal ions from an aqueous solution containing the ions in 
the form of anionic complexes, 

13. 

A process for the production of the compounds of Formula (1) of claim 
1 in which M=N comprises the steps of directly alkylating a compound 
of the Formula (111 ) 

10 NH 2 (CH 2 ) n NH 2 (111) 

in a suitable alcoholic solvent mixture in the presence of an inorganic 
base to give a compound of the Formula (la) 

R 2 N(CH 2 ) n NR 2 (la) 

wherein R represents an alkyl or an aryl group having 7 to 12 carbon 
15 atoms and n is as defined in claim 1. 

14. 

A process according to claim 13 wherein the alcoholic solvent mixture 
is a mixture of ethanol and hexane. 

15. 

A process according to claim 14 wherein the ratio of ethanol to hexane 
is ethanol :40/hexane :60 by volume. 

15. 

20 A process according to any one of claims 13-15 wherein the inorganic 
base is a carbonate. 

17. 

A process according to claim 15 wherein the carbonate is potassium 
carbonate. 



21. 

18. 

A process for the production of the compounds of the Formula (11) of 
claim 1 in which M=N comprises the steps of directly alkylating a 
compound of the formula (111) 

NH 2 (CH 2 ) n NH 2 (111) 

in a suitable alcoholic solvent mixture in the presence of an 
inorganic base to give a compound of the formula (11a) 

[R 3 N(CH 2 ) n NR 3 ] X 2 

wherein R represents an alkyl or an aryl group having 7 to 12 carbon 
atoms, and n and X are as defined in claim 1. 

19. ... 

A process according to claim 18 wherein the alcoholic, solvent mixture 
is a mixture of ethanol and DMF, . . 

20. 

A process according to claim 19 wherein the ratio of ethanol to DMF 
is DMF :1 /ethanol : 20 by volume. 

21 . 

A process according to any one of claims 18 to 20 wherein the 
inorganic base is a carbonate. 

22. 

A process according to claim 19 wherein the carbonate is potassium 
carbonate. 



22. 

23. 

A process for extracting metal ions from an aqueous solution containing 
the ions in the form of anionic complexes includes the steps of 
contacting the aqueous solution with a compound according to any one of 
claims 1 to 10. 

24, 

5 A process according to claim 23 wherein the compounds of Formula (1) 

of claim 1 are used for the extraction of ions of cobalt, copper, zinc, 
silver, cadmium, the platinum group metals, uranium and the other actinoids 

25, 

A process according to claim 23 wherein the compounds of Formula (11) 
of claim 1 are used for the extraction of ions of uranium and the other . 
10 actinoids, cerium., vanadium, manganese, iron, cobalt, copper, zinc, 
silver, cadmium, tin, lead and the platinum group metals. 

26. ' ■•. : • ■ • ; 

A process according to claim 23 wherein the compounds of Formula (1) . ■ 
of claim 1 are used to extract metal ions in strongly acidic medium. 

27. 

A process according to claim 23 wherein the compounds of Formula (1) 
15 of claim 1 are used to extract metal ions from neutral or alkaline 

solutions by complexing the metal ions with a compound of Formula (1) 
and extracting the resultant complex into the organic phase. 

28. 

A process according to claim 27 wherein the metal ion is removed from 
the organic phase by contacting it with a slightly acidic aqueous 
20 solution. 

29. 

A process according to claim 23 wherein the compounds of Formula (11) 
of claim 1 are used for the extraction of metal ions from acidic and 
neutral solutions. 



23. 

30. 

A process according to any one of claims 23 to 29 wherein the compounds 
of claim 1 are used in combination with organic solvents of low 
dielectric constants. 

31. 

A process according to claim 30 wherein the solvent of low dielectric 
constant is selected from the group of benzene, solvesso hexane, and 
mixtures thereof with long chain alcohols. 

32. 

A compound according to claim 1, other than the compounds of claims 8 
to 10, substantially as herein specifically described with reference .. 
. to the Examples . 

33. . ... 

; A . process according to claim 13 substantially as herein described:*.- : 
. : with reference to.Example 1 . ; • ' ; : 

34. 

A process according to claim 18 substantially as herein described 
with reference to either of Examples 2 or 3. 

35. 

A process according to claim 23 substantially as herein described 
with reference to any one of Examples 4-10. 

DATED iHIS 12TH DAY OF NOVEMBER, 1980. 
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